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Description 

Background of the invention 

The present invention provides a useful too! for 
performing the method for producing thin films of 
a compound presented in U.S. Pat No. 4,058,430. 
According to that method, referred to as ALE 
(Atomic Layer Epitaxy), high quality thin films of a 
compound can be produced by subjecting the 
surface to be grown to successive reactive 
vapours which make the surface grow by a single 
atomic layer in each reaction step. 

When compared to thin film deposition 
concepts of the prior art, the ALE demand for 
separated surface reactions of different reactive 
vapours gives rise to special requirements for the 
equipment and method for performing the ALE 
growth. In U.S. Pat. No. 4,058,430 these require- 
ments were approached using classical vacuum 
deposition techniques by providing separate 
reaction regions or periods, separated from each 
other by a region or period of high vacuum 
condition. Due to leaks of the reactive vapours 
from the reaction regions, and due to residual 
vapours especially in the case of exchange 
surface reactions, difficulties are found in 
obtaining the high vacuum condition needed for 
the successful separation of the reaction steps. 
These problems take away from an advantage of 
the ALE-method, wherein the self-stabilizing 
growth rate property of the ALE-method is 
obtained by using quantities of reactive atoms in 
excess to the amount needed for a full surface 
coverage in a single surface reaction step. 

Summary of the invention 

Object of this Invention is to provide a method 
and apparatus for producing a thin film of a 
compound of different elements on a substrate by 
an atomic layer epitaxy growth which overcome 
the above described difficulties which arise from 
using vacuum deposition techniques in 
performing the ALE growth method. An essential 
feature of the present inventions is the use of gas 
phase diffusion barriers in order to separate the 
single surface reactions steps. According to the 
present invention the diffusion barrier techniques 
are also used to periorm valve actions to control 
the flow of reactive vapours from their sources to 
the surface reaction zone, and to separate the 
exhaust condensation zone from the reaction 
zone. Furthermore, the gas phase medium used 
In the formation of the diffusion barriers can be 
used as a carrier gas to transfer the reactive 
vapours from their sources to the surface reaction 
zone and to transfer the residual vapours from the 
surface reaction zone to the exhaust. 

The use of inert gases as carrier gases or as 
protective gases is known in the prior art in 
several connections, as for example, in. the field of 
gas chromatography, and in Chemical Vapour 
Deposition (CVD) methods which are widely used 
in the semiconductor industry. In general, it may 
be helpful to regard the present invention as 
shifting the performance of ALE-growth from a 



(\^olecular Beam Epitaxy-MBE-type process 
towards the techniques of CVD. One practical 
advantage of the known CVD-method over the 
vacuum deposition methods is that the growing 
5 of the thin films may be carried out in an inert gas 
instead of in high vacuum, which usually brings 
about more economic and more productive 
apparatus solutions. Correspondingly, this 
advantage is also achieved by the method and 

10 apparatus according to this invention. 
Additionally, the advantages over the CVD- 
method achievable by applying the ALE-method 
and apparatus according to this invention to the 
growing of thin films according to the CVD- 

75 method are comparable to the substantial 
advantages over the classical vacuum deposition 
methods including the MBE-method achievable 
by applying the method and apparatus according 
to US Patent No. 4058430 to the growing of thin 

20 films according to the vacuum deposition 
methods including the MBE-method. 

it is stressed that the present invention is not 
only an alternative to the method disclosed in US 
Pat No 4058430 for performing ALE growth, but it 

25 also gives rise to new advantages as compared to 
the prior art in general relating to thin film growth 
of a compound. These advantages include the 
ease with which exchange surface reactions can 
be effected, wherein the elemental components 

JO of the compound to be grown are allowed to be 
brought to the surface reaction area in the form of 
a second compound of the element in question. 
This is of particular interest when dealing with 
metals having low vapour pressures, which thus 

35 can be replaced by more volatile compounds 
such as metal halides or organometals. 
Accordingly, a decreased source temperature is 
permitted, as welt as a decrease in the substrate 
temperature needed for a perfect back- 

40 evaporation after the formation of a full surface 
coverage according to the ALE-principle. 
Concerning the growth of metal oxides, according 
to present knowledge, a metal halide is chemi- 
sorbed onto an oxygen surface in halide molecule 

45 form, until the halogen atoms are released in the 
next surface reaction step by hydrogen atoms 
from water molecules used as the reactive vapour 
In the oxidizing surface reaction step. 
Another advantage of the exchange reaction 

so can be obtained in the growth rate properties. For 
example, in the case of direct elemental surface 
reactions, as in the case of a ZnS growth, the 
monoatomic metal surface layer has a tendency 
to re-evaporate before the surface reaction with 

65 sulphur vapour. Thus the growth rate is 
dependent on the re-evaporation time between 
Zn- and S-surface reaction steps; and, further, it- 
decreases with increasing temperature. In the 
case of corresponding exchange reactions this 

60 drawback does not take place and a constant 
growth rate of substantially 0.1 nm/cycle is 
observed in a wide range of temperatures and 
re-evaporation times. It has been observed that 
each compound has its own typical growth rate 

65 corresponding to a stable monolayer 
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configuration according to the crystal structure 
properties in question. 

The apparatus according to the present 
invention is mechanically simpler than that 
according to the prior art. Important advantages 
have also been obtained in the operation and 
maintenance characteristics of such apparatus of 
present invention. The apparatus Is suitable for 
large area production, due to the effective 
utilization of the self-stabilizing growth rate 
property of the ALE process. 

The method of the present invention sets 
certain prerequisites as to the shape of the 
substrates to be used, due to the necessity of 
maintaining certain "aerodynamics" in order to 
obtain fast operation. Ideal substrates are flat 
plates with smooth surfaces such as glass plates, 
etc. The operational properties of the ALE-method 
provides a possibility for tailored layer structures 
and doping, and such products are easily 
obtained with the method of the present 
invention. Reactive vapour In a single surface 
reaction step may contain several components, 
which are able to react with the surface to be 
grown, but it must not contain such components 
which react with each other resulting in any solid 
state compound at the temperature of the surface 
to be grown. For example, a basic ZnS growth can 
be modified by adding a small amount of IVInCIa 
vapour to the ZnCIs reaction steps. IVInCIa and 
ZnClz do not react with each other, but each of 
them reacts with the solid sulphur surface 
resulting in Mn doped ZnS. Mixed compounds 
can be made in the same way, i.e. by adding 
CdClz, vapour to the ZnCl2 reaction step in a ZnS 
growth thus resulting in a Zn^Cd-t—^S film. 
Corresponding doping or mixing is possible with 
the VI group or any other group elements. A 
condition for obtaining the ALE-type growth 
according to the method of the present Invention 
is that simultaneous interactions of such vapours, 
which are able to react with each other at the 
temperature of the substrate surface resulting in 
solid state reaction products at the said 
temperature, are prevented with the aid of 
diffusion barriers formed by a gas phase medium 
such as in form of a earner gas. The gas phase 
medium should be principally Inert with respect 
to the growing surface. Some secondary 
Influences may be, however, Included, such as 
addition of doping agents, catalytic or inhibitory 
actions and chemical transport of surface reaction 
residues. 

Brief description of the drawings 

Preferred embodiments of the invention will be 
described in conjunction with the accompanying 
drawings, in which: 

Fig. 1 illustrates pulses of reactive vapours AX 
and BY and the diffusion barrier V between such 
pulses; 

Fig. 2 is a schematic sectional view of an 
embodiment for carrying out the method of the 
invention; 



Rg. 3 is a transverse section of the structure of 
Rg. 2 taken along line llt--lll; 

Rg. 4 illustrates the self-stabilizing growth rate 
effect obtained with the method of the present 
5 invention as compared to the prior art; 

Fig. 5 shows a typical magnetic valve used to 
produce a reactive vapour pulse source in 
accordance of the method of the present 
invention; 

10 ^9* 6 is a schematic illustration of an 
embodiment of a source of reactive vapour pulses 
according to the method of the present invention; 

Rg. 7 is.a simplified flow circuit constituting an 
analog of the source embodiment of Rg. 6; 
fg Rg. 8 is a schematic vertical section view of 
another embodiment of apparatus used to carry 
out the method of the present invention; 

Rgs. 9A— 9C are transverse sectional views of 
Rg. 8, taken along line IXA— IXA, IXB— IXB, and 
20 IXC — IXC, respectively; 

Rg. 10 is a schematic vertical sectional view of 
an embodiment which Is principally compatible 
with that of Fig. 1; 
Fig. 11 is a sectional top view of the 
25 embodiment of Fig. 10; 

Fig. 12 is a sectional view of the embodiment of 
the source of Rg. 6 used in the embodiment of 
Fig. 10; 

Fig. 13 is a schematic illustration of another 
30 embodiment of apparatus used to carry out the 
. method of the present invention, and is a vertical 
sectional view taken along line XIII— Xlll of Rg. 
14; 

Fig. 14 is a schematic horizontal sectional view 
30 of the embodiment of Fig. 13 taken along line 

XIV— XIV; 

Fig. 15 is a schematic illustration of an electro- 
luminence (EL) thin film structure produced with 
the aid of the present invention according to 
40 example 4; 

Rg. 16 illustrates measured brightness and 
efficiency curves for the EL-structure of Rg. 15; 
and 

Rg. 17 shows measured electrical properties of 
4B an Ai203 thin film prepared according to example 
5. 

Detailed description of the preferred 
embodiments 

60 In accordance with the present invention pulses 
of different vapours of substances (hereafter 
referred to as reacth^e vapours) are successively 
applied to a substrate to cause growth of a thin 
film of a compound. For example, as depicted in 

55 Fig. 1, such pulses of reactive vapours AX and BY 
at partial pressures Po, having a diffusion barrier 
y therebetween, are conducted through the 
reaction chamber, wherein the length of the 
diffusion barrier is Xb in the gas phase medium G 

60 having a velocity v in the X direction. The quantity 
ts represents the time duration of the diffusion 
barrier, which substantially prevents interaction 
of the vapour of substances, thus precluding any 
appreciable effect therefrom on the final product. 

65 The embodiment shown in Figs. 2 arid 3 
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comprises a glass tube as the main t)ody of the 
structure, vapour source means 20 with 
connections 12 to the reaction zone 18 in the main 
body tube, a vacuum pump 17 with an exhaust, 
connection 13 from the main body tube for 
maintaining a pressure Pr, and a heater 15 
surrounding the reaction zone 18. A substrate or 
substrates 11 are placed in the reaction zone 
through the opening 14 at the end of the body 
tube 10. During the growth of the thin films 100 on 
the substrates, the substrate temperature is 
maintained with the aid of heating elements 16 
controlled by standard regulator means. Reactive 
vapour pulses from the vapour source means 20 
are controlled by a standard timing unit and 
directed sequentially to the reaction zone 
according to the ALE-principle and the method of. 
the present invention. 

As referred to herein, the present invention 
provides a self-stabilizing growth rate effect, and 
a comparison thereof with the prior art is shown 
in Rg. 4. Curve a Illustrates the thickness profile of 
a thin film grown in accordance with the 
principles of the present invention, and utilizing 
the apparatus of Figs. 2 and 3. On the other hand, 
a thickness profile b results from the growth of a 
corresponding thin film effected by means of the 
prior art where two reactive vapours are caused 
to react simultaneously with the substrate. 

Two principal techniques have been used to 
actuate the pulses of the reactive vapours. One Is 
the use of mechanical valves, constituting a 
straightforward technique for reactive materials 
which are effectively volatile at room 
temperature. This kind of solution is represented 
in Fig. 5 where reference numeral 25 indicates the 
connection tube to the reactive vapour source, 
reference numeral 21 depicts a valve body having 
a valve solenoid 22 and a lock element 23, and 
where the valve opening 26 and a connection to 
gas phase medium supply 28 communicate 
directly with the source connection tube 12. A gas 
phase medium in form of a carrier gas flow Is 
useful to minimize tail formation to reactive 
vapour pulses In the source connection tube 12. 
The valve action is controlled by a timing unit 30. 

The other approach to the pulse source 
embodiment is schematically presented in Rg. 6. 
In this approach the mechanical valve action is 
replaced by controllable diffusion barriers in the 
connection tube between the vapour source and 
the reaction chamber. This type of vapour source 
is preferable in cases where the reactive 
substance has a low vapour pressure and must 
therefore be conducted to the reaction chamber at 
an elevated temperature. The reactive vapour is 
produced by heating a reactive substance M in 
solid or liquid form in a source region 41 with the 
aid of a heating element 47. In a lock condition a 
diffusion barrier is formed in a source opening 
tube 43 with the aid of the gas phase medium 
supplied from a connection tube 49 and 
exhausted through a connection tube 46 to a 
suction pump 50. A corresponding diffusion 
barrier is formed in the source connection tube 12 



in order to prevent the vapours in the reaction 
chamber from diffusing to the source. The 
conditions needed for such diffusion barriers are 
described in detail hereinbelow. 

5 In the lock condition the reactive vapour 
produced in the evaporation region 41 is trans- 
ferred to a condensation region 42, which can be 
cooled with the aid of a cooling element 48. The 
lock condition of the vapour source is changed to 

to a feeding condition by controlling a valve 44 to 
admit a gas phase medium in form of an extra 
carrier gas flow, which is high enough to turn the 
flow direction in the source opening tube 43. The 
vapour source operation' is described in detail 

ts with the aid of the flow circuit analogy presented 
in Rg. 7. 

An embodiment which may be used to 
demonstrate the method of the present invention 
by means of the various examples given herein, is 

20 illustrated in Figs. 10 and 11. For its working 
principle it is identical to the embodiment of Figs. 
2 and 3 and contains a tube-like reaction chamber 
18 plus vapour source and exhaust means. The 
body of the reaction chamber 110 is made of 

25 stainless steel which is covered with inner glass 
plates 96. The exhaust means includes a heating 
element 1 16, a condensation region 19, and a gas 
flow steering wall 115. Temperature regulators 
and a source pulse timing unit are illustrated 

30 respectively by the blocks 90. and 91. Rg. 12 
shows the vapour source means applied, to the 
embodiment of Figs. 10 and 1 1 in accordance with 
the principles presented in Figs; 6 and 7. In this 
structure the tubes 12, 49 and 43 have been 

35 constructed with the aid of a coaxial glass tube 
array formed by vapour source opening 43 and a 
glass tube 84. The outer body 86 of the source 
means is of stainless steel. 
A common feature of the embodiments in Rgs. 

40 2 and 3 and Figs. 10 and 11, is that the substrates 
are in a fixed place in the reaction chamber during 
the thin film growth. The reactive vapour pulses 
pass through the chamber and are driven by a gas 
phase medium which forms diffusion barriers 

45 between the pulses of the reactive vapours. 

Another approach to the method of the present 
invention comprises the use of embodiments 
having locally fixed streams of the reactive 
vapours, separated from each other by locally 

so fixed streams of said gas phase medium forming 
the diffusion barriers. In such embodiments the 
cyclic alternative interactions between the 
substrate surface and each reactive vapour 
stream In turn is made by rotation or other 

55 periodic mechanical movement of the substrates. 
From the point of view of the substrate surface 
the situation is quite similar in both cases, 
wherein the substrate is successively subjected to 
the interaction of each reactive vapour in a gas 

go phase medium which keeps said reactive vapours 
separated by building difiPusion barriers between 
them. Embodiments with locally fixed streams of 
the reactive vapours are presented in Figs. 8, 9 A, 
9B, 9C and Figs. 13, 1 4. In the embodiment of Figs. 

^ 8, 9A, 9B and 9C two reactive vapour sources 53 
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and 54 are placed in opposite columns 51 and 52 
of the body 60 of the apparatus. The sources are 
heated with heaters 56. The reactive vapours flow 
up by diffusion or with the aid of said gas phase 
medium and meet the substrates 11', which are 
placed in a rotating holder 61 forming a structure 
resembling a paddle wheel. When th paddle 
wheel Is rotating, the substrates will meet each 
reacting vapour stream in turn when passing the 
columns 51 and 52, respectively. Streams of said 
gas phase medium from tubes 66 and 67 In 
columns 55 sweep up the reactive vapours 
between the substrates while they are passing the 
columns 55. The flow passages for said Inert gas 
phase medium are connected by one end to a 
suction pump and by the other end to said source 
of said gas phase medium. The flow passages for 
the different vapours of said substances are 
connected by one end to a suction pump and by 
the other end to said vapour sources. In the 
channels between the substrates the flow 
conditions are nearly identical with those in the 
embodiment of Figs. 10 and 11. In Rg. 8, 
reference numeral 64 indicates the means for 
substrate rotation, while a heater 68 Is provided at 
the reaction zone, and walls 57 are provided 
between the vertical flow columns. In Fig. 9A, 
reference numbers 51', 52', 55' and 57' 
correspond to reference numbers 51, 52, 55 and 
57 in Fig. 9C, respectively. 

In the embodiments of Figs. 13 and 14 the 
sequential interactions between the substrate 
surface and the reactive vapours of said 
substances are made by a reciprocating motion of 
the substrate 11' over a fixed array of source 
openings 75, carrier openings 73 and exhausts 74. 
Diffusion barriers E are formed between the 
substrate surface and the gas flow array body 72. 
In accordance with calculations as set forth 
below, operation with this embodiment Is 
possible even at atmospheric pressure without an 
unpractically high total flow rate of the gas phase 
medium. In Rgs. 13 and 14, element 77 Is the gas 
phase medium feed tube, 79 the vapour source 
connections, 78 the exhaust and 81, 82 the 
reactive vapour sources. 

Because an ALE-type process generally 
consists of thousands of single surface reaction 
steps In a thin film growth, the total process time 
tp tends to become long unless special attenlon Is 
paid to minimize the contributing delays in the 
reaction cycles. Generally a figure of merit E of a 
thin film process can be given by the formula 

E^T-Mtp+tJ, (1) 

where T is the film thickness, A« the substrate 
area to be covered, tp the process time and t^ the 
time for loading and unloading the apparatus. 
The apparatus cost, power consumption and 
source material efficiency are not considered in 
this comparison. 

In an ALE-type process the thickness of the thin 
film can be expressed in form 



T=NTo, 12) 

where Tg is the thickness obtained In one reaction 
cycle and N the number of cycles. The process 
g time, tp, can be expressed by 

tp=Nt^ 13) 

where the time of one cycle, to, is the sum of pulse 
times of different reactive vapours t,, tz, . . . * t^ 
and the time Intervals t,,, t|2, . . . , t,„, between 
them needed to build up the diffusion barriers. In 
the case of a simple binary compound AB, to has 
the form 

IS to5=tA+Tu+tB+trB. 14) 

The substrate area Aq handled In a process Is 
mainly determined by the equipment size and can 
be varied in wide limits within the embodiments 

20 of this invention. The operational analysis, which 
also Includes the effect of the size of the 
apparatus, is practically made by analyzing the 
time contributions t^ and tim in a reaction cycle. A 
detailed analysis is made for the case of the 

2S embodiments in Figs. 2, 3, 10, 1 1, where there is a 
carrier gas flow at a velocity v in a tube-like 
reaction chamber, with a free sectional area A 
according to Fig. 1, where the total pressure Pr 
and a partial pressure Po of the reactive vapour 

30 pulses AX and BY are propagated with the gas 
phase medium flow in the x-directlon. 

The reactive vapour pulses tend to broaden 
during the propagation due to diffusion In the 
carrier gas according to equation 

35 

6p 

=DA2p (5) 

6t 

40 where D is the diffusion constant of the reactive 
vapour in the gas phase medium. In laminar flow 
conditions In the reaction tube, and neglecting the 
effects of radial velocity profiles, equation (5) can 
be replaced by a one-dimenslonal diffusion 

45 equation in the x-direction 

5p d^p 

(6) 

6t dx'* 

50 

For simplicity the pressure Po at the pulse edges 
Is assumed to be constant during the diffusion 
which results in a boundary condition, and this 
assumption is also valid for consideration of the 
56 diffusion barrier in locally fixed cases such as in 
the source means of Figs. 6 and 7 and In the 
embodiment of Figs. 13 and 1 4. The solution of (6) 
is thus 

so p{x,t)=Poerfc(x/2VDt), (7) 

where X expresses the distance from pulse edges, 
and t is the time from pulse Injection. An Isobar of 
pressure pi propagates from the pulse edges 
65 according to 



5 



9 



0 015 390 



10 



x=2 qVBt 
wherein means 

erfc Ci=Pi/po 



(8) 



(9) 



A diffusion barrier V, which is able to decrease 
the partial pressures of AX and BY to a vaiue PI, 
has a length Xb according to equation (8) and Fig. 
1 



XB=2Xpi=4.C,VDt 



(10) 



At a gas phase medium velocity v the length of 
the diffusion barrier Xb at a distance L from the 
injection point of the reactive vapour pulses can 
be expressed in the form 



Xb=4C,VdDv 



(11) 



which corresponds to the interval between the 
reactive pulses tg as 



(12) 



For practical expressions it is useful to give the' 
diffusion constant D in form 



D=cy/p 



(13) 



where the constant is independent of the 
pressure of the diffusion medium. Thus te can be 
given in form 



tB=4C,VD^ VDv'p 



(14) 



According to (14)tB is strongly dependent on the 
gas phase medium velocity v, which can also be 
expressed in the form 



v=S/A 



(15) 



where S is the pumping speed and A is the free 
sectional area of the reaction tube. A minimum 
carrier gas quantity for a certain value of te leads 
to high quantity at a low pressure, which cannot, 
however, go below Po. 

The pressure limits for the partial pressure of 
the reactive vapours, Po, can be derived from the 
total atom or molecule dose needed for a full 
coverage of the substrate surfaces. According to 
the kinetic gas theory and the propagation 
geometry in question, the number of reactive gas 
molecules in a pulse can be expressed in the form 



na=v • ti • • A/kT 



(16) 



where ti is the duration of the reactive pulse. If the 
number of atoms needed to form a full surface 
coverage on a surface area unit is N^, and the 
efficiency of the reactive vapour utilization is rj* 
the number of molecules needed in a reactive 
vapour pulse is given by 



ni=Ns • A^ri 



(17) 



20 
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where A^ is the substrate area. By making ni^n, 
we have 



Po=- 



Ns-As-kT 



V • ti • A • n 



(18) 



Equation (18) gives, on the other hand, the 
pulse duration ti for a given Po. It can be found 

10 that for minimum t^ the value of Po is increased. 
An upper limit to Pe is set by the pressure of the 
gas phase medium which was found to be 
advantageous for a minimized optimal flow level, 
Pr • V, and to conditions. A low flow level is still 

15 useful for minimum radial profiles of the reactive 
vapour pressure Po. For a simple binary 
compound AB growth from reactive vapours AX 
and BY, the minimum time of a process period tp 
is 



tp=2 (to+ti) 



(19) 



by making tA=tB=ti and t,A=ti8=tD. 

In the embodiments of the present invention 
practical orders of magnitudes for tp and t, are 
0.1 ... 1 and 0.05 ... 0.5 s, respectively, at a total 
pressure p^ 0.5 ... 5 mb. As a subsequent check 
for the one dimensional diffusion analysis we can 
note that, typically, both the pulse lengths li(=v/t,) 
and the lengths of the diffusion barriers Xo's 
are greater than the diameters of the reaction 
tubes, which situation can be considered as a 
criterion forthe one-dimensional approach. In the 
analysis above, abrupt edges of the reactive 
vapour pulses were assumed at the injection 
point According to the source means of Rg. 5 this 
is easily achieved with standard valves. In the 
case of source means according to Figs. 6 and 7 a 
detailed analysis is necessary to ensure the 
intended situation. A lock condition of the source 
Is achieved when diffusion barriers are formed in 
the tubes 43 and 12. Conditions for such diffusion 
barriers can be derived forthe flow levels fg and fg 
in those tubes by differentiating equation (8), 
which gives the velocity v^ of an isobar In the gas 
phase medium 



dx 

so Vd= =C,Vd/vT=2 Ci2D/x=2 Ci^DVxp (20)' 

dt 

A diffusion barrier is built up by a flow level, f<,, 
which gives a velocity Vf— Vjj of the gas phase 
55 medium in a channel with a sectional area Af 



Then 



v,=f^A, • p 2Ci^DVxp 



f^^2A, C/DVx 



(21) 



(22) 



In the flow circuit analogy of Fig. 7, the diffusion 
barrier conditions in channels 43 and 12 can be 
65 given by 
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12 



and 



fd2>2Aa Ci^DVLa 



f«S:2A3 Ci^DVLj 



(23) 



(24) 



where Az and A3 are the sectional areas and U 
and ts the fengths of the channels 43 and 12 
respectively. 

The pulse injection condition is obtained by 
letting a gas phase medium flow through the 
valve Si* The rise time of the source injection is 
easily minimized In comparison to and t^ but 
certain attention must be paid to the values of 
source volume C and the conductance gi, 92 and 
93, In order to ensure a short delay at the switch 
off potnL In general terms, a gas flow level f, 
through a channel, can be expressed In the form 



f=g (P."-Pb*) 



(25) 



where Pa and Pb are the pressures at the end of 
the channel, and g is a constant depending on the 
geometry of the channel and the properties of the 
gas In question. With the aid of equation (25) and 
the circuit analogy of Fig. 7, a solution Is obtained 
to the source pressure Po as a function of time 
from the switch off point of Si, wherein 



a-^'^+l 



(26) 



a • e*'^-! 

where pco is the source pressure at t=o and 

a=(1 +PcOo/Pco)/(1 -Pc«/Pco) (27) 

p««=V(g''p'^+g,Pi^)/|g*+g,) (28) 

x=a2g^ Pca> (29) 

g*=g2/(i +92/93) (30) 

and 

p««Vpr^+fo/g3 (31) 
The pressure P2 (Fig. 7) has a value 

P2'=(fo+g2Po*+g3Pr')/(g2+g3) 02) 

A diffusion barrier in 43 is obtained by setting 

h^Q2 (P2'-Po') (33) 

= g2(fo+g3(Pr^~Po^))/92+g3)^fda (34) 

The build-up time t^ of the diffusion barrier, 
which is equal to the source pulse delay can be 
solved from (34) and (26), which give 



1 b+1 

t,>1n — ( ) 

a b-1 



where 

b=V(fp+g3p,*^fda(g2+g3)/g2)/g3/Po« (36) 

g A safety limit to the minimum time interval ti 
between two reactive pulses can be achieved by 
adding the pulse delay ts to the time tg. 

The analysis made for the conditions of 
diffusion barriers in a gas phase medium were 
utilized for the embodiments of Rgs. 2 and 3 and 
Rgs. 10 and 11. The analysis is also directly 
applicable to the case of Figs. 8 and 9 and easily 
modified to the case of Rgs. 13 and 14. 
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Examples 

The following examples are given to further 
illustrate the present invention. 

Example 1 

The choices of structural and operational para- 
meters for an embodiment of Figs. 10 and 11 are 
as follows: 

Reaction zone: 
length, L=40 cm; 

-sectional area of the body, Ar=14x14 cm^; 
free sectional flow area, A=150 cm^; 
exhaust pump speed, S«60 m%. 

Source means. Fig. 12: 
source volume (41+42), C 210 cm'; 
source opening (43), (p 0.7x10 cm; 

g2=1400 cmVmbs; 
source connection (12), 0 1.1x10 cm; 

g3=8800 cmVmbs; 
exhaust connection (46), g^^lOO cmVmbs. 



Operational parameters (typically) 

reaction zone pressure, Pr=2 mb; 

source exhaust pump pressure, Pb=0.4 mb; 

gas phase medium (argon) flow/source, 
fo=5500 mbcmVs; 

pulse pressure in source, Peo==3 mb. 

Using the given parameters the following 
values can be calculated. 

Equation (30): g''=1208 cmVmbs; 

Equation (28) t Pa«>»2.07 mb; 

Equation (36): b»1.067; 

Equation (22): fd2»89 mbcmVs corresponding 
gQ to ppm isobar, Pi/Po-10*** In the center of the 

diffusion barrier; 

Equation (29): t=0.030 s; 

Equation (35): ta=0.05 s; 

Equation (14): tB=0.74 s. 
55 A safety time interval between pulses is thus 
about ti=0.8 s. In practice a value t|==1 s has been 
used. 



Example 2 

Preparation of a TajOg compound thin film 
according to the parameters defined by example 
1. 

Substrates: 
6 pieces 0.3x10x20 cm float glasses. 
Temperature of the reaction zone Tn=300'C. 
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Vapour substances: 

Ta2Cls from source, Rg. 1 2, at a temperature of 
140X, ti(Ta2Cl5)=0.2 s; 

HaO from source means of Rg. 5, t, (H2O)=0,2 s, 
T(H20)=15X. 

A growth of 2500 cycles gives a TaaOs thin film 
of lOOOA on the substrates. 

Example 2 

Preparation of ZnS thin films doped with 
manganese, Mn. 

Embodiment according to example 1. 

Substrates as in example 2 or preferably 
Coming Glass 7059 (Tradename of Coming Glass 
Works, Coming, N.Y., U.S.A.). 

Reactive zone temperature 450^. 

Reactive vapour substances: 

ZnCIs and MnCta from sources of Fig. 12 at 
3B0'°C and SIC'C respectively. Source pulses of 
ZnCiz and MnClz are given simultaneously with 
ti=0.2 8. Sulfidating agent HzS is given from 
source means of Fig. 5, ti(H2S)=0.2 s. 

A growth of 4500 cycles gives a ZnS (l^n) film of 
4000A on the substrates. 

Example 4 
Thin films of 

TagOs+ZnSdWnl+TazOg 

are prepared, according to examples 2 and 3, on 
glass substrates covered by a thin film of 
conducting transparent indium-tinoxide, and the 
thin film is covered with a contact electrode of 
aluminum to provide an electroluminence 
structure as illustrated in Fig. 15. In Rg. 15, the 
substrate 11 is covered with a transparent 
conducting layer of indtum-tinoxide 101, which in 
turn is covered by a first insulating fijm 102 of 
TazOs, a ZnS(IVIn) film 103, a second insulating 
film 104 of TaaOs, and an aluminum electrode 105 
which enables application of an electric Qeld 
across the sandwich structure between 101 and 
105. With a sine wave excitation of 2 kHz, the 
brightness and efficiency characteristics of the 
structure are illustrated in Rg. 16. The cunfe B 
indicates the brightness in cd/m^ against the 
excitation voltage, and the Curve C the efficiency 
of light output in Im/W. 

Example 5 

Preparation of an AlgOa thin film. The process 
used is similar to that of the example 2, with the 
Ta2Cls replaced by AICI3 at a temperature of SS^'C. 
A process of 2800 cycles gives a AI2O3 thin film of 
thickness 2200 A at the reaction zone temperature 
of 250*C. The electrical characteristics of the 
aluminum oxide film obtained was measured in a 
sandwich structure where the AI2O3 film forms an 
insulator of a plate capacitor between aluminum 
thin film electrodes, with an active area of 5x5 
mm. In Fig. 17 the curve C Is the measured 
capacitance In pF as a function of frequency, and 
the curve tan indicates the dielectric losses. 



Claims 

1. A method of performing an atomic layer 
epitaxy growth by growing a thin film of a 

6 compound of different elements on a substrate 
surface by providing alternate surface reactions 
of different substances containing said elements, 
comprising the steps of supplying vapours of said 
substances repeatedly and alternatively to a 

fo chamber housing said substrate, supplying a gas 
phase medium to said chamber at least during 
periods between the attemate supply of said 
substances, wherein said vapours react with the 
surfaces of the substrate and the film grown 

75 thereon to provide a solid state product at the 
temperature of said substrate surface, and 
wherein the supply of said gas phase medium 
substantially prevents a simultaneous interaction 
of said alternately supplied vapours during the 

20 growing of said thin film of said compound on 
said substrate. 

2. A method as set forth in claim 1, wherein one 
of said alternate reactions is provided by 
supplying simultaneously first and second 

26 vapours which both react with said surfaces. 

3. A method as set forth in claims 1 or 2, 
wherein said gas phase medium is supplied 
continuously. 

4. A method as set forth in claim 1, wherein said 
30 step of supplying said gas phase medium is 

perforhned to carry residual vapour products from 
the chamber to an exhaust condensation zone, 
and to provide a diffusion barrier between the 
chamber and the exhaust condensation zone to 
36 prevent the flow of vapours from the 
condensation zone to the chamber. 

5. A method as set forth in claim 1, wherein said 
vapours are supplied from vapour source outputs 
coupled to the chamber, and wherein said step of 

40 supplying a gas phase medium is performed to 
selectively and alternately provide diffusion 
barriers at said vapour source outputs. 

6. An apparatus for carrying out the method as 
set forth in claims 1 to 5, comprising a chamber 

46 (18) for receiving a substrate (1 1 ); a suction pump 
(17) coupled to said chamber (18); heating means 
(15) for heating said substrate (11) within said 
chamber (18); a plurality of vapour sources (20, 
41) coupled to said chamber (18). for selectively 

60 and separately supplying vapours of different 
substances from said vapour sources to said 
chamber (18); and a gas source (49) supplying a 
gas phase medium and being coupled to said 
chamber (18), and control means (44, SI) for 

66 controlling a flow of said gas phase medium 
through said chamber (18) from said gas source 
(49) to said suction pump means (17), said suction 
pump (17) being connected, with reference to the 
direction of flow (v) of said gas phase medium, to 

60 the output side of said chamber (18), said vapour 
sources (20, 41) being connected to the input side 
of said chamber (18), said gas source (49) being 
connected to a connecting tube (12, 43) between 
said vapour sources (20, 41) and said chamber 

66 (18), and said vapour sources (20, 41 ) at their side 
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opposite to said connecting tube (12, 43) being 
connected to a suction pump (50), whereby 
diffusion barriers are formed in said connecting 
tube (12, 43). 

7. An apparatus as set forth in claim 6, charac- ^ 
terized in that said gas source is connected by 
mediation of a pulse valve (44, SI) to said vapour 
sources (20, 41) on their side opposite to said 
connecting tube (12, 43) leading to said chamber 

(18). 

8. An apparatus for carrying out the method as 
set forth in claims 1 to 5, comprising a chamber 
(18) for receiving a substrate (1 1); a suction pump 

(17) coupled to said chamber (18); heating means 
(15) for heating said substrate (11) within said 
chamber (18); a plurality of vapour sources (20, 
41) coupled to said chamber (18) for selectively 
and separately supplying vapours of different 
substances from said vapour sources to said 
chamber; a gas source (28) supplying a gas phase 
medium and being coupled to said chamber (18); 
and control means for controlling a flow of said 
gas phase medium through said chamber (18) 
from said gas source (28) to said suction pump 
means (17), said suction pump (17) being ^5 
connected, with reference to the direction of flow 

(v) of said gas phase medium, to the output side 
of said chamber (18), said vapour sources (20, 41) 
being connected to the input side of said chamber 

(18) , said gas source (28) being connected to a 
connecting tube (12, 25) between said vapour 
sources (20, 41) and said chamber (18), a 
mechanical valve means (21, 22, 23, 26) being 
provided with reference to the direction of flow of 
said vapours, upstream of the connection 
between said connecting tube (12, 25) and said 
gas source (28). 

9. An apparatus for carrying out the method as 
set forth in claims 1 to 5, comprising a chamber 

for receiving a substrate (11'); a suction pump ^ 
coupled to said chamber; heating means (68) for 
heating said substrate (11') within said chamber; 
a plurality of vapour sources (53, 54) coupled to 
said chamber for selectively and separately 
supplying vapours of different substances from 
said vapour sources to said chamber and a gas 
source (66, 67) supplying a gas phase medium 
and being coupled to said chamber; control 
means for controlling a flow of said gas phase 
medium through said chamber from said gas qq 
source to said suction pump means, said suction 
pump being connected, with reference to the 
direction of flow of said gas phase medium, to the 
output side of said chamber and said vapour 
sources (53, 54) and said gas source (66, 67) being 55 
connected to the input side of said chamber, and 
a rotatably moveable substrate holder (61) 
provided within said chamber, so that a given 
point of said substrate will pass alternatingly 
through a gas phase medium region and through qq 
regions containing said vapours of said different 
substances, said moveable substrate holder (61) 
consisting of a member resembling a paddle 
wheel rotatable about an axis and disposed 
between sections of the apparatus body (60) said qq 



sections each in their turn constituting flow 
passages (55, 55') for said gas phase medium, 
connected by o.ne end to said suction pump and 
by their other end to said gas source (66, 67), and 
flow passages (51, 51', 52, 52') for said different 
vapours connected by one end to said suction 
pump and by their other end to said vapour 
sources (53, 54). 

10. An apparatus for carrying out the method as 
set forth in claim 1 to 5, comprisng a chamber for 
receiving a substrate (11'); a suction pump 
coupled to said chamber; heating means for 
heating said substrate (11') within said chamber; 
a plurality of vapour sources (81, 82) coupled to 
said chamber for selectively and separately 
supplying vapours of different substances from 
said vapour sources to said chamber; and a gas 
source (77) supplying a gas phase medium and 
being coupled to said chamber; control means for 
controlling a flow of said gas phase medium 
through said chamber from said gas source to 
said suction pump means, a rectilinearly 
moveable substrate holder for said substrate, and 
a distribution member (72) for said gas phase 
medium and for said vapours of said substances, 
which member (72) comprises alternate gas or 
vapour feed openings (73, 75), respectively 
connected to said gas source and vapour sources, 
and exhaust openings (74) coupled to said suction 
pump, said substrate (IV) being disposed 
adjacent to said openings in such a way that on 
being caused to move a given point of said 
substrate will pass alternatingly through the 
diffusion wall constituted by the flow of said gas 
phase medium and through said vapours. 

Revendications 

1. Procedd de mise en oeuvre de crotssance 
d'une couche atomique par ^pitaxle en faisant 
croitre une fine pellicule d'un compost de 
differents elements sur la surface d'un substrat en 
r6alisant des reactions de surface altern6es de 
diffdrentes substances contenant lesdits 
616ments, comprenant les 6tapes de foumiture 
des vapeurs desdites substances defa^on r§p6tde 
et altern^e dans une chambre abritant ledit 
substrat, de foumiture d'un milieu d phase 
gazeuse dans ladite chambre au moins pendant 
les p^riodes entre le foumiture altern6e desdites 
substances, dans lequei lesdites vapeurs r^agis- 
sent avec les surfaces du substrat et la pellicula 
formde dessus pour fournir un produit h I'^tat 
solide k la temperature de ladite surface du 
isubstrat, et dans lequei la foumiture dudit milieu 
d phase gazeuse 6vite senslblement une inter- 
action simultan^e desdites vapeurs admises 
alternativement pendant la croissance de ladite 
fine pellicule dudit compos6 sur ledit substrat 

2. Precede comme expos6 dans la reven- 
dication 1, dans lequei I'une desdites r6actions 
altern6es est obtenue en fournlssant simultan6- 
ment les premidres et secondes vapeurs qui 
r^agissent toutes deux avec lesdites surfaces. 

3. Proc6d6 comme d6cnt dans les reven- 
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dications 1 ou 2, dans lequel ledit milieu d phase 
gazeuse est fourni de fa^on continue. 

4. Precede comme d^crit dans la revendication 
1, dans lequef ladite §tape de foumiture dudit 
miiieu h phase gazeuse est rdalis§e pour v^hiculer 
les produits residuels ^ i'6tat de vapeur de la 
chambre jusqu'd une zone de condensation et 
d'^vacuation, et pour fournir une barri§re de 
diffusion entre la chambre et la zone de 
condensation et d 'evacuation pour empdcher la 
circulation des vapeurs de la zone de 
condensation a la chambre. 

5. Proc6d4 comme d^crlt dans la revendication 
1, dans lequel lesdites vapeurs sont fournies h 
partir de sorties de source de vapeurs accoupt^es 
h la chambre, et dans lequel ladite dtape de 
fourniture d'un milieu h phase gazeuse est realise 
pour fournir s^lectivement et alternativement des 
barri^res de diffusion auxdites sorties de sources 
de vapeurs. 

6. Appareil pour r6aliser le proc6d6 comme 
decrit dans les revendications 1^5, comprenant 
une chambre (18) pour recevoir un substrat (11); 
une pompe aspirante (17) coupl^e ^ ladite 
chambre (18); des moyens de chauffage (1&) pour 
chauffer ledit substrate (11) a ilnterieur de ladite 
chambre (1 8); une pluralite de sources de vapeurs 
(20, 41) couplees i ladite chambre (18) pour 
fournir s^lectivement et s^par^ment des vapeurs 
de diffdrentes substances provenent desdites 
sources de vapeur h ladite chambre (18); et une 
source de gaz (49) foumissant un milieu h phase 
gazeuse et qui est coupl^e a ladite chambre (18); 
et des moyens de reglage (44, 51) pour r^gler un 
courant dudit milieu ^ phase gazeuse b travers 
ladite chanibre (18) d partir de ladite source de 
gaz (49) auxdits moyens de pompe aspirante (17) 
ladite pompe aspirante (17) 6tant relive, par 
rapport d la direction du courant (v) dudit milieu k 
phase gazeuse, au c6t6 de sortie de ladite 
chambre (18), lesdites sources de vapeurs (20, 41 ) 
etant relives au cdt6 d'entr^e de ladite chambre 
(18), ladite source de gaz (49) etant relive a une 
tube de jonction (12, 43) entre lesdites sources de 
vapeur (20, 41) et ladite chambre (18) et lesdites 
sources de vapeur (20, 41) §tant relives, sur leur 
cdte opppose audit tube de connection (12, 43), h 
une pompe aspirante (50), grdce d quol des 
barridres de diffusion sont formdes dans ledit 
tube de jonction (12, 43). 

7. Appareil comme ddcrit dans la revendication 
6, caract^risd en ce que ladite source de gaz est 
relive par Tintermediaire d'une soupape ^ 
impulsion (44, SI) auxdits sources de vapeur (20, 
41) sur leure c6t6 oppose audit tube de jonction 
(12, 43) conduisant k ladite chambre (18). 

8. Appareil pour r^allser le procSde comme 
decrit dans les revendications 1 d 5 comprenant 
une chambre (18) pour recevoir un substrat (11); 
une pompe aspirante (17) couplee h ladite 
chambre (18); des moyens de chauffage (15) pour 
chauffer ledit substrat (11) d I'interleur de ladite 
chambre (18); une pluralite de sources de vapeurs 
(20, 41) couplees d ladite chambre (18) la 
foumiture s6!ectivement et s^par^ment des 



vapeurs de diff^rentes substances provenant 
desdites sources de vapeurs d ladite chambre; 
une source de gaz (28) foumissant un milieu k 
phase gazeuse et qui est couple k ladite chambre 

s (18); et des moyens de r6glage pour r6gler un 
courant dudit milieu ^ phase gazeuse h travers 
ladite chamber (18) de ladite source de gas (28) 
auxdits moyens de pompe aspirante (17), ladite 
pompe aspirante (17) etant reli§e, par rapport d la 

w direction du courant (v) dudit milieu d phase 
gazeuse, d la face de sortie de ladite chambre (18), 
lesdites sources de vapeurs (20, 41) 6tant relives 
au cdte d'entrde de ladite chambre (18), ladite 
source de gaz (28) §tant reliee k une tube de 

fs jonction (12, 25) entre lesdites sources de vapeurs 
(20, 41) et ladite chambre (18), des moyens de 
soupape m^canique (21, 22, 23, 26) 6tant pr^vue 
par rapport ^ la direction du courant desdites 
vapeurs, en amont de la jonction entre ledit tube 

20 de jonction (12, 25) et ladite source de gaz (28). 

9. Appareil pour r§aliser le proc6d6 comme 
dicrit dans les revendications 1^5, comprenant 
une chambre pour recevoir un substrat (11'); une 
pompe aspirante couplee k ladite chambre; des 

25 moyens de chauffage (68) pour chauffer ledit 
substrat (IV) a I'intdrieur de ladite chambre; une 
pluralitd de sources de vapeurs (53, 54) couplees 
h ladite chambre pour fournir sSlectivement et 
separdment des vapeurs de diffdrentes 

30 substances provenant desdites sources de 
vapeurs d ladite chambre; et une source de gaz 
(66, 67) foumissant un milieu a phase gazeuse et 
qui est couplee d ladite chambre; des moyens de 
r^glage pour r^gler un courant dudit milieu a 

35 phase gazeuse d travers ladite chambre de ladite 
source de gaz audit moyen de pompe aspirante, 
ladite pompe aspirante ^tant relive, par rapport h 
la direction du courant dudit milieu d phase 
gazeuse, au c6t6 de sortie de ladite chambre et 

40 lesdites sources de vapeurs (53, 54) et ladite 
source de gaz (66, 67) etant relives au cdte 
d'entr6e de ladite chambre, et un support de 
substrat susceptible de se deplacer en toumant 
(61) pr6vu k rinterleur de ladite chambre, de sorte 

45 qu'un point donn^ dudit substrat passera 
alternativement d travers une zone du milieu h 
phase gazeuse et d travers des zones contenant 
lesdites vapeurs desdites diff6rentes substances, 
ledit support de substrat mobile (61 ) comprenant 

so une partie ressemblant d une roue ^ palettes 
susceptible de tourner autour d'une axe et 
dispose entre des sections du corps de I'appareil 
(60), lesdites sections cbnstituant chacune k leur 
tour des passages de courant (55, 55') pour ledit 

55 milieu d phase gazeuse, relids h une extrdmitd d 
ladite pompe aspirante et k I'autre extrdmitd k 
ladite source de gaz (66, 67), et des passages de 
courant (51, 51', 52, 52') pour lesdites diff^rentes 
vapeurs relies par un extrdmitS a ladite pompe 

60 aspirante et pa r I'a utre extrdmit6 auxdites sources 
de vapeur (53, 54). 

10. Appareil pour rSaliser le procSdd comme 
decrit dans les revendications 1 d 5, compreAant 
une chambre pour recevoir un substrat (1 1 '); une 

65 pompe aspirante couplde h ladite chambre; des 
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moyens de chauffage pour chauffer ledh substrat 
(IV) d rintdrieur de fadite chambre; une pluraHti 
de sources de vapeurs (81, 82) coupl^es d ladite 
chambre pour admettre s^lectivement et 
sdpar^ment des vapeurs de diff ^rentes 
substances desdites sources de vapeurs d ladite 
chambre; et une source de gaz (77) foumissant un 
milieu d phase gazeuse et qui est coupl^e d ladite 
chambre; des moyens de contrdle pour rigler un 
courant dudit milieu h phase gazeuse ^ travers 
ladite chambre de ladite source de gaz auxdits 
moyens de pompe aspirante, un support de 
substrat ddpla^able lin^airement pour ledit 
substrat et un organe de distribution (72) pour 
ledit milieu d phase gazeuse et pour lesdites 
vapeurs desdites substances, lequel organe (72) 
comprend des ouvertures aiterndes 
d'altmentation en gaz ou en vapeurs (73), relives 
respectivement d ladite source de gaz et auxdites 
sources de vapeurs, et des ouvertures de sorties 
(74) reilees d ladite pompe aspirante, ledit 
substrat (IV) etant dispose de fagon adjacente 
auxdites ouvertures de telle manl^re que lorsqu'il 
est amen^ S bouger un point donn6 dudit substrat 
passe alternativement d travers la parol de 
diffusion constituee par le courant dudit milieu d 
phase gazeuse et d travers lesdites vapeurs. 

PatentansprQche 

1. Verfahren zum Bewirken eines 
Atomschlchtepltaxle-Aufwachsens durch Auf- 
wachsentassen einer aus einer Verblndung 
verschiedener Elemente bestehenden Dunn- 
schicht auf eine SubstratoberflSche, indem 
abwechselnde Oberfl§chenreaktionen ver- 
schiedener Substanzen, die die Elemente ent- 
halten, herbeigefuhrt werden, mit den Schritten 
der wiederholten und abwechselnden ZufOhrung 
von Dampfen der Substarrzen zu einer das Sub- 
strat aufnehmenden Kammer und der mindestens 
wahrend Zeitabschnitten zwischen der abwech- 
selnden Zufuhrung der Substanzen erfolgenden 
Zufuhrung eines gasformigen Mediums zu der 
Kammern, wobei die D3mpfe unter Bildung eines 
Im festen Zustand befindllchen Produkts bei der 
Temperatur der Substratoberflache mit den Ober- 
fiSchen des Substrats und der darauf aufge* 
wachsenen DOnnschicht reagieren und wobei die 
ZufOhrung des gasformigen Mediums sine 
gleichzeltige Wechseiwirkung der abwechselnd 
zugefOhrten DSmpfe wahrend des Aufwachsens 
der aus der Verblndung bestehenden DOnn- 
schicht auf das Substrat im wesentllchen verhin- 
dert. 

2. Verfahren nach Anspruch 1, bei dem eine der 
abwechselnden Reaktionen dadurch herb- 
eigefuhrt wird, daB gleichzeitig ein erster und ein 
zweiter Dampf, die beide mit den Oberflachen 
reagieren, zugefuhrt werden. 

3. Verfahren nach Anspruch 1 oder 2, bei dem 
das gasfdrmige Medium kontinuierllch zugefOhrt 
wird. 

4. Verfahren nach Anspruch 1, bei dem der 
Schritt der ZufOhrung des gasfdrmigen Mediums 



durchgefQhrt wfrd, um restilche dampffdrmlge 
Produkte aus der Kammer zu einer 
Kondensationszone fOr ausstrdmende Ddmpfe zu 
tragen und um zwischen der Kammer und der 
Kondensationszone fOr ausstrdmende D3mpfe 
eine Diffusionssperre zur Verhinderung des Au- 
sstrdmens von Dampfen aus der Kondensations- 
zone zu der Kammer zu bilden. 

5. Verfahren nach Anspruch 1, bei dem die 
Dampfe aus Dampfqueilenausgangen, die mit der 
Kammer verbunden sind, zugefuhrt werden und 
bei dem der Schritt der ZufOhrung eines gas- 
fdrmigen Mediums durchgefOhrt wfrd, um an den 
Dampfquellenausgangen selektfv und abwech- 
selnd DIffusionssperren zu bHden. 

6. Vorrichtung zur DurchfOhrung des Ver- 
fahrens nach Anspruchen 1 bis 5 mit einer 
Kammer (18) fur die Aufnahme eines Substrats 
(11); einer mit der Kammer (18) verbundenen 
Saugpumpe (17); einer Heizeinrichtung (15) zum 
Erwarmen des Substrats (11) innerhaib der Kam- 
mer (18); mehr als einer mit der Kammer (18) 
verbundenen Oampfquelle (20, 41) fOr die selek- 
tive und getrennte Zufuhrung von Dampfen vers- 
chiedener Substanzen aus den Dampfquellen zu 
der Kammer (18); einer Gasquelle (49), die ein 
gasfdrmiges Medium zufOhrt und mit der Kam- 
mer (18) verbunden 1st; und einer Steuer- 
einrichtung (44, S^) zum Steuern eines Stromes 
des gasfdrmigen Mediums durch die Kammer 
(18) von der Gasquelle (49) zu der Saugpumpen- 
einrichtung (17), wobei die Saugpumpe (17) mit 
der Ausgangsseite der Kammer (18) in bezug auf 
die Strdmungsrichtung (v) des gasfdrmigen 
Mediums verbunden fst, die Dampfquellen (20, 
41) mit der Eingangsseite der Kammer (18) ver- 
bunden sind, die Gasquelle (49) mit etnem 
Verbindungsrohr (12, 43) zwischen den Dampf- 
quellen (20, 41) und der Kammer (18) verbunden 
ist und die Dampfquellen (20, 41) an ihrer dem 
Verbindungsrohr (12, 43) entgegengesetzten 
Selte mit einer Saugpumpe (50) verbunden sind, 
wodurch in dem Verbindungsrohr (12, 43) 
DIffusionssperren gebildet werden. 

7. Vorrichtung nach Anspruch 6, dadurch 
gekennzeichnet, dal^ die Gasquelle durch Vermlt- 
tlung eines Impulsventils (44, S^) mit dem Dampf- 
quellen (20, 41) an deren dem Verbindungsrohr 
(12, 43), das zu der Kammer (18) fOhrt, 
entgegengeseuter Sette verbunden ist. 

8. Vorrichtung zur DurchfOhrung des Ver- 
fahrens nach Anspruchen 1 bis 5 mit einer 
Kammer (18) fur die Aufnahme eines Substrats 
(11); einer mit der Kammer (18) verbundenen 
Saugpumpe (17); einer Heizeinrichtung (15) zum 
Erwarmen des Substrats (1 1) innerhaib der Kam- 
mer (18); mehr als einer mit dem Kammer (18) 
verbundenen Dampfquelle (20, 41) fur die selek- 
tive und getrennte Zufuhrung von Dampfen vers- 
chiedener Substanzen aus den Dampfquellen zu 
der Kammer; einer Gasquelle (28), die ein gas- 
fdrmiges Medium zufuhrt und mit der Kammer 
(18) verbunden ist; und einer Steuereinrichtung 
zum Steuern einers stromes des gasfdrmigen 
Mediums durch die Kammer (18) von der Gas- 
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quelle (28) zu der Saugpumpenemrichtung (17), 
wobei die Saugpumpe (17) mit der Ausgangsseite 
der Kammer (18) in bezug auf die Strdmungs- 
richtung (v) des gasfdrmigen Mediums verbun- 
den ist, die Oampfquellen (20« 41) mit der 
Eingangsseita der Kammer (18) verbunden sind 
und die Gasquelle (28) mit einem Verbindungs- 
rohr (12, 25) zwischen den Oampfquellen (20, 41) 
und der Kammer (18) verbunden 1st und wobei 
stromaufwarts von der Verbindung zwischen dem 
Verbindungsrohr (12, 25) und der Gasquelle (28) 
in bezug auf die Strdmungsrichtung der Dampfe 
eine mechanische Ventilelnriclitung (21, 22, 23, 
26) vorgesehen ist 

9, Vorrlchtung tut Durchfuhrung des Ver- 
fahrens nach Anspruchen 1 bis 5 mit einer 
Kammer fur die Aufnahme eines Substrata (IV); 
einer mit der Kammer verbundenen Saugpumpe; 
elner Heizeinrichtung (68) zum Erwarmen des 
Substrats (11') innerhalb der Kammer; mehr als 
einer mit der Kammer verbundenen Dampfquelle 
(53, 54) fijr die selektive und getrennte Zufuhrung 
von Dampfen verschiedener Substanzen aus den 
Oampfquellen zu der Kammer; einer Gasquelle 
(66, 67), die ein gasfdrmiges Medium zufuhrt und 
mit der Kammer verbunden Ist; einer Steuer- 
einrichtung zum Steuern eines Stromes des gas- 
fdrmigen Mediums durch die Kammer von der 
Gasquelle zur der Saugpumpeneinrichtung, 
wobei die Saugpunipe mit der Ausgangsseite der 
Kammer in bezug auf die Stromungsrichtung des 
gasformigen Mediums verbunden ist und die 
Oampfquellen (53, 54) und die Gasquelle (66, 67) 
mit der Eingangsseite der Kammer verbunden 
sind, und einem drehbar, bewegliciien Substrat- 
■> halter (61 ), der innerhalb der Kammer vorgesehen 
ist, so dais eine bestimmte Stelle des Substrats 
abwechseind durch einen Bereich des gas- 
fdrmigen Mediums und durch Bereiche, die die 
Oampfe der verschiedenen Substanzen enthalten, 
hindurchgeht, wobei der bewegliche Substrat- 
halter (61) aus einem Bauteil besteht, das einem 



Schaufelrad ahneit, um eine Achse herum 
drehbar ist und zwischen Abschnitten des 
Vorrichtungskorpers (60) angeordnet ist, wobei 
die Abschnitte nacheinander Strdmungs- 
durchg§nge (55, 55') fOr das gasformige Medium, 
die an einem Ende mit der Saugpumpe und an 
ihren anderen Ende mit der Gasquelle (66, 67) 
verbunden sind, und Strdmungsdurchgange (51, 
51', 52, 52') fQr die verschiedenen Oampfe, die an 
einem Ende mit der Saugpumpe und an ihren 
anderen Ende mit den Oampfquellen (53, 54) 
verbunden sind, bilden. 

10. Vorrlchtung zur OurchfOhrung des Ver- 
fahrens nach AnsprOchen 1 bis 5 mit einer 
Kammer fur due Aufnahme eines Substrats (11'); 
einer mit der Kammer verbundenen Saugpumpe: 
einer Heizeinrichtung zum Erwarmen des Sub- 
strats (1 1 ') innerhalb der Kammer; mehr als einer 
mit der Kammer verbundenen Dampfquelle (81, 
82) fur die selektive und getrennte Zufulirung von 
DSmpfen verschiedener Substanzen aus den 
Oampfquellen zu der Kammer; einer Gasquelle 
(77), die ein gasfdrmiges Medium zufiJhrt und mit 
der Kammer verbunden ist; einer Steuer- 
einrichtung zum Steuern eines Stromes des gas- 
fdrmigen Mediums durch die Kammer von der 
Gasquelle zu derSaugpumpeneinrichtung; einem 
geradlinig beweglichen Substrathaiter fQr das 
Substrat und einem Verteilungs-Bauteil (72) fQr 
das gasfdrmige Medium und die 03mpfe der 
Substanzen, wobei das Bauteil (72) abwechselnde 
Gas- Oder OampfzufQhrungsdffnungen (73, 75), 
die mit der Gasquelle bzw. dem Oampfquellen 
verbunden sind, und AuslaBdffnungen (74), die 
mit der Saugpumpe verbunden sind, aufweist, 
wobei das Substrat (11') derart an die Offnungen 
angrenzend angeordnet ist, daQ> eine bestimmte 
Stelle des Substrats, wenn veranlafSt wird, daB sie 
sich bewegt abwechseind durch die Diffusions- 
wand, die durch den Strom des gasfdrmigen 
Mediums gebildet wird, und durch die Odmpfe 
hindurchgeht. 
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